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Abstract
The objective of this article is to identify typical tobacco farms according to determinants of diversification that
can be used to explore possibilities of diversif ication in the province of Salta (Northwest of Argentina). National
Agriculture Census data of 278 farms in the main tobacco production area of Salta were used for the analysis. The
variables selected concerning determinants of diversification were: land area, irrigation, general capital goods and
specific capital goods, ownership of land, education, off-farm work, and labour availability. The analysis of the principal
components applied to 16 selected variables allowed to reduce the dimensionality of the data to four components.
Those components were used to apply K-means cluster approach to classify the farms. Four clusters were determined.
Cluster 1 and Cluster 2 are the largest clusters. These concern highly specialized tobacco farms. They differ regarding
determinants for diversification due to different levels of education of the farmer and different levels of off-farm work.
Both clusters are interesting for further analysis regarding diversification alternatives to maintain or improve income
and to reduce soil degradation. Cluster 3 concerns large tobacco farms being somewhat less specialized than the farms
in Clusters 1 and 2. Intensive tobacco production makes this group interesting for exploring diversification alternatives
to improve soil conditions. Farms in Cluster 4 already have a high level of diversification with substantial livestock
production. The presence of perennial pastures suggests a better soil management than the other clusters. This cluster
looks appealing to investigate what can be done regarding diversification.
Additional key words: clusters, determinants of diversification, income, Nicotiana tabacum, principal compo-
nents, soil degradation.
Resumen
Tipología de explotaciones tabacaleras de acuerdo a determinantes de diversificación en el Valle de Lerma
(Salta-Argentina)
El objetivo de este artículo es identificar explotaciones de tabaco de acuerdo a determinantes de diversificación para
ser utilizadas en la exploración de posibilidades de diversificación en la provincia de Salta (Noroeste de Argentina). Se
utilizaron para el análisis datos del Censo Nacional Agropecuario correspondientes a 278 explotaciones de la principal
área de producción de tabaco de Salta. Las variables seleccionadas como determinantes de la diversificación fueron: su-
perficie de tierra, capital general, capital específico, propiedad de la tierra, educación, trabajo extra predial y mano de
obra. Se aplicó análisis de componentes principales a 16 variables seleccionadas y así se redujo la dimensión de los da-
tos a cuatro componentes, que fueron utilizados en el análisis de conglomerados (K-means) para clasificar las explota-
ciones. Se determinaron cuatro conglomerados. Los conglomerados 1 y 2 son los más numerosos; están compuestos por
explotaciones altamente especializadas en tabaco y difieren entre sí por el nivel de educación del productor y por el gra-
do de trabajo extra predial que el mismo posee. Ambos grupos son interesantes para posteriores análisis relacionados a
alternativas de diversificación para mantener o mejorar el ingreso y reducir la degradación del suelo. El conglomerado
3 consiste en grandes explotaciones tabacaleras menos especializadas que las anteriores. La intensa producción de ta-
baco hace a este grupo interesante para la exploración de alternativas de diversificación tendientes a mejorar las condi-
ciones de suelo. Las explotaciones del conglomerado 4 tienen un nivel alto de diversificación con importante produc-
ción de ganado. Este grupo es atractivo para investigar lo que puede hacerse en relación a la diversificación.
Palabras clave adicionales: componentes principales, conglomerados, degradación de suelos, determinantes de
diversificación, ingresos, Nicotiana tabacum.
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Introduction
Tobacco (Nicotiana tabacum L.) is the most broadly
produced non-food crop in the world and it is cultivated
in more than 120 countries, as it can be grown under
a wide range of climatic and soil conditions. The share
of tobacco produced by developing countries increased
from 57% in 1961 to 86% in 2006 (ITGA, 2008; Geist
et al., 2009). Tobacco is a controversial crop not only
because of the negative impact of smoking on health,
but also because of environmental issues. In fact, soil
degradation, deforestation and water pollution are part
of the costs of tobacco production (Geist et al., 2009).
The World Health Organization (WHO) recommended
measures to control tobacco production and consumption
within the Framework Convention on Tobacco Control
(FCTC). Recommended measures aimed at reducing
the demand for tobacco include, among others, price
and tax measures, measures to protect non-smokers
from exposure to tobacco smoke and a ban on adverti-
sing, promotion and sponsorship. Regarding the reduc-
tion of supply of tobacco, the WHO suggests, among
others, the promotion of economically feasible alterna-
tives for workers, growers and sellers. Besides, protection
of the environment regarding tobacco cultivation is
encouraged (WHO, 2003).
Tobacco production represents around a quarter of
the total gross value of the agricultural production of
the Salta province, in the Northwest of Argentina, and
about 175,000 people depend on tobacco production
for a living (Fittipaldi, 2004; Cámara de Tabaco de
Salta, 2008). Salta produced 30% of the total tobacco
production in the country in 2008. From 1989 to 2008,
local tobacco production increased by 93%. Virginia
tobacco represents 97% of the total production in Salta
(MinAgri, 2009). Virginia is a flue-cured tobacco type
that is dried in closed buildings with a heating system
(ITGA, 2008). The tobacco cultivated area is mainly
concentrated in the Valle de Lerma, in the centre of Salta.
Cerrillos, Chicoana and Rosario de Lerma departments
are the main producers in the Valley; they contribute
73% of the total production in tons in Salta (MinAgri,
2008).
Tobacco production has a relevant economic and
social impact in Salta. However, also in this region, the
negative environmental effects of intensive tobacco
production, like soil degradation are recognized
(Corvalán, 1997). In addition, tobacco farming
involves production and price risk. Tobacco production
is sensitive to temperature, precipitation and irrigation
variations. The price of tobacco paid by the indus-
try is completed so far by the national government.
Future governmental support is uncertain because of
international pressure to reduce tobacco production
and consumption and because of the fact that the
governmental price complement is the result of a
political bargain process at national level (Fittipaldi,
2004).
The need for a diversification strategy for tobacco
production in Valle de Lerma is widely recognised by
national and provincial authorities and farming coope-
ratives (Fittipaldi, 2004). A first step required to be
able to explore options for diversification is an inventory
of existing tobacco growing systems.
Senthilkumar et al. (2009) suggest that a classifi-
cation of farms to investigate future alternatives is
needed, as it is not possible to conduct an exploration
of every farm. The variables used in a typology depend
on the aim of the research. In general, variables related
to farm size, capital, labor, production model, soil
quality and managerial skills are included to identi-
fy types of farming systems (Köbrich et al., 2003).
Titonell et al. (2005) categorized farms according to
resource endowment, production orientation, main
constraints faced by farmers, position in farm cycle
and main source of income. Andersen et al. (2007)
classified farms with different environmental perfor-
mance. Quantitative techniques have been applied to
build typologies to understand the variety of farming
systems (Köbrich et al., 2003; Milán et al., 2006;
Nahed et al., 2006; Usai et al., 2006; Pardos et al., 2008;
Senthilkumar et al., 2009).
This article aims at building a typology to identify
typical tobacco farms according to determinants of
diversif ication in the main departments for tobacco
production in the Valle de Lerma. The results will pro-
vide representative farms which will be used in sub-
sequent research to develop prospective models and
evaluate potential diversification alternatives.
For the purpose of this article, the concept of diver-
sification entails not only the number of farm activities
but also the balance or share of them (Minot et al.,
2006). Off-farm activities are excluded from the defi-
nition of diversification.
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Abbreviations used: FCTC (Framework Convention on Tobacco Control), INDEC (National Institute of Statistics and Census),
KMO (Kaiser-Meyer-Olkin), SID (Simpson index of diversity), WHO (World Health Organization).
Reasons for and determinants 
of diversification
Reasons for diversification
Literature shows a wide variety of reasons for diver-
sification, but all of them can be summarized in two
main reasons, namely risk reduction and improvement
of income.
Risk reduction can be achieved when different sources
of income have low or negative correlations. Thus, the
diversification of farming activities may be a way to
handle risk (Hardaker et al., 1997; Upton, 2004; Minot
et al., 2006).
An improvement in income may arise from scope
economies. The concept of scope economies refers to
cost savings due to joint production of products
compared to costs of separate production. Cost savings
were identified for different outputs in German dairy
farms (Fernández-Cornejo et al., 1992). The shared
use of inputs like labour, machinery and equipment 
led to cost savings in Dutch vegetable f irms (Oude
Lansink, 2001). Apart from scope economies, current
literature reveals empirical evidence that suggests that
diversification influences farmers’ income positively
(Bravo-Ureta et al., 2006). By building scenarios,
Hengsdijk et al. (2007) found that diversif ication
emerged as the most encouraging option to improve
per capita income in traditional rice farms, compared
to intensification, land expansion and exit from agri-
culture. Manos et al. (2009) observed that the imple-
mentation of alternative crops to a plan including
tobacco can increase the income of farmers. Long
distances to roads and markets can lead households to
diversify into many activities to fulfill consumption
needs. This way, transaction costs are saved (Barrett
et al., 2001; Minot et al., 2006). Another example is given
by Sharma and Sharma (2005). Cost savings can be
realized through a rice-wheat crop continuous growing
system and replacing the use of fertilizer with the
inclusion of a short duration pulse or replacing wheat
or rice by other crops, which can be considered as diver-
sification. A shift from food production for own con-
sumption to a cash crop production contributes to impro-
vement of income for smallholders (Minot et al., 2006).
Determinants of diversification
Determinants define the diversification possibilities
of a farm. Land area, irrigation, capital goods, land
ownership, age, education level, off-farm work and
labour availability are considered determinants of di-
versification in current literature.
Total area of land is important in the case of arable
farms. There is empirical evidence in current literature
that the area of land has a positive effect on diversifi-
cation (Benin et al., 2004; Bravo-Ureta et al., 2006).
The larger the area of land, the more motivated a farmer
will be to devote part of it to introduce diversification.
Irrigation may have a negative influence on the
decision to diversify the farm. An empirical analysis
showed a positive relation between irrigation and the
share of tobacco growing area at household level in
India. These results suggest that irrigation does not
encourage farmers to diversify (Panchamukhi, 2000).
The type of capital goods may have opposite effects
on diversification. Specific capital goods may contri-
bute to output specialization whereas general capital
goods may facilitate diversif ication. For example,
general machinery can be used more efficiently if used
for different activities at different times of the year
(Fernández-Cornejo et al., 1992; Hardaker et al.,
1997). It can be expected that the availability of spe-
cific capital goods like tobacco curing barns, backpacks,
grain machinery, and pasture machinery will prevent
farmers from shifting to diversification. Conversely,
general capital goods like tilling tools, tractors, sprayers
and fertilizer drill, trucks and barns can motivate
farmers to diversify.
Empirical data reveal very positive effects of land
tenure on output diversification in Central America,
suggesting that owners grow a wider variety of produc-
tion items (Bravo-Ureta et al., 2006). A person who
relies on rented land to produce will be limited in the
decisions regarding land management (Caballero,
2001). The owner of the land may be more willing to
experiment new activities to improve income in a me-
dium or long term. Conversely, a farmer that rents the
land may focus on making a profit in the short run.
The age of the farmer may affect diversif ication
decisions. Empirical research found that the number
of crops increase with the age of farmers, suggesting
that they try new crops as they earn experience along
their lives (Minot et al., 2006). The same was found
within more diversified farms in West Midlands (UK).
Farmers involved in more diversified farms have signi-
ficant farming experience; a survey showed that 70%
of them were over 45 years of age (Ilbery, 1991). The
results of a survey carried out on growers in tobacco
growing states in the southeast of the USA showed a
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negative relation between age and being interested in
trying different activities from tobacco (Altman et al.,
1996). The findings of another survey on tobacco farmers
of North Carolina (USA) suggest that younger farmers
are more interested in diversif ication while older
growers are more likely to continue cultivating tobacco
until they retire (Altman et al., 1998).
Education level has a strong and positive influence
on the number of grown crops, stressing the impor-
tance of education and ability to understand informa-
tion coming from extension services or other sources
(Minot et al., 2006). Bravo-Ureta (2006) found a posi-
tive effect of the average level of education for household
members on diversification in Central America.
Labour factors can reflect the social structure and
composition of farms and they could be determinants
for taking decisions regarding diversification (Birthal
et al., 2006; Manos et al., 2009). Off- farm work may
influence the decision to diversify. A farmer who works
also outside the farm will probably be less disposed to
be involved in many different production activities due
to lack of time. Results of an empirical study suggest
that farmers more occupied in other activity than agri-
culture are less expected to include high value crops
because of lack of time and skills (Birthal et al., 2006).
Labour will be used more eff iciently if it can be
allocated all along the year in a combination of acti-
vities (Hardaker et al., 1997). Economies of scope can
arise from sharing labor for different outputs. Empi-
rical data suggest that diversif ication in high-value
crops is concentrated among households having
enough labour supply (Birthal et al., 2006). If labour
supply is a problem, substitution of a high-value and
labour intensive crop as tobacco by lower-value and
lower labour crops can be a solution (Manos et al.,
2009).
Data and methods
Study area
This study focuses on three departments with tobacco
production in Valle de Lerma (24° 30’and 25° 38’
Southern latitude and 65° 22’and 65° 37’Western lon-
gitude), in Salta, in the Northwest of Argentina. The
valley is an extended plain between mountains and it
has a temperate climate and the annual rainfall varies
from 500 to 1,000 mm. Tobacco is grown on irrigated
land (Baudino, 1996; Bravo et al., 1999). Next to tobacco
as the main crop, vegetables, bean, corn, fruits, pastu-
res, beef and milk cattle are products of the area. The
departments are Cerrillos, Chicoana and Rosario de
Lerma.
Description of data
The source of data for this study was the Agricul-
tural Census carried out by the National Institute of
Statistics and Census (INDEC, 2002). Although the
following census was held in 2008, at the moment of
submitting the final version of this paper, results from
this census were not available yet. The reference period
of the census comprises July 1st, 2001 to June 30th,
2002. To summarize, the variables show general infor-
mation about the farm and the farmer, use of land,
agronomic practices, stock of livestock, inventory of
buildings, facilities, machinery, equipment and vehicles,
permanent and temporary labour, forms of management
and marketing channels.
The total number of farms in the study area was 641.
Only farms that grow tobacco in Cerrillos, Chicoana
and Rosario de Lerma departments were included in
this study. After checking important missing values the
final usable number of observations was 278.
Selected variables
The selected variables are developed from the
original variables in the database that concern deter-
minants for diversification. In total, 16 variables are
included to identify types of tobacco farms to explore
potential diversification (Table 1).
Principal components analysis
The objective of principal components analysis is
the reduction of the dimensionality of the selected data.
Data have to be correlated to successfully apply prin-
cipal components analysis. Two tests are used in this
article to verify the feasibility of the data for the ana-
lysis: the sphericity test and the Kaiser-Meyer-Olkin
(KMO) measure of sampling adequacy. The sphericity
test developed by Bartlett (Lattin et al., 2003; SPSS,
2005) tests the null hypothesis that the correlation
matrix of the population is the identity matrix (a
perfectly spherical set of data). If so, data are inde-
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pendent. If the null hypothesis can be rejected it may
be justified to use principal components for data re-
duction. The KMO test indicates the amount of varian-
ce in the variables that might be caused by principal
factors. High values, close to 1, suggest that a factor
analysis may be useful, and values less than 0.5 indi-
cate the analysis is not helpful (SPSS, 2005).
In principal component analysis, the original varia-
bles are linearly combined in new variables which are
called components. The first components explain as
much of the available information as possible. Each
component is uncorrelated with each other. There are
different criteria that can be followed to decide the
number of components to be retained. In this research,
Kaiser’s rule is followed. This criterion suggests keeping
principal components with eigenvalues (variance of
each component) larger than one (Köbrich et al., 2003;
Lattin et al., 2003). The retained components are used
in cluster analysis to determine types of tobacco farms
to explore potential diversification. Statistical analy-
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Table 1. Selected variables to be used for principal components analysis
Name of the variablea Description Mean St. deviation Maximum
Land area
— Suitable landb Hectares 91.37 169.8 1,990
Irrigation
— Irrigated area Hectares 41.14 58.4 480
General capital goods
— Tractors Number 3.09 2.7 16
— Tilling tools Number 3.53 2.7 17
— Trucks and other vehicles Number 3.48 4.6 37
— Fertilizer drill Number 0.52 0.7 6
— Sprayers Number 0.83 1.4 14
— Barns Number 2.64 2.0 12
Specific capital goods
— Tobacco curing barns Number 10.68 11.6 86
— Backpacks for spraying Number 4.56 4.6 30
— Grains machinery Number 0.49 0.8 5
— Pastures machinery Number 0.24 0.9 6
Ownership of land
— Land in property Hectares 73.47 171.1 2,000
Educationc
— Education level of the farmers = 1 more educated 0.58 0.5 1
= 0 less educated
Off-farm workd
— Farmers with work outside the farm = 1 works 0.05 0.2 1
= 0 does not work
Labor availabilitye
— Permanent workers Number 5.08 6.9 52
a Minimum value for all variables = 0. b Suitable land includes not only the cultivated land, but also natural forests and pastures
land and apt but not used land. c The binary variable level of education of farmers takes the value 1 in when farmers have at least
graduated from secondary school. It takes the value of 0 in case farmers have not graduated from secondary school. d The binary
variable of farmers working outside the farm takes the value of 1 when farmers work outside the farm and 0 when farmers work in
the farm exclusively. e The variable of permanent workers includes the number of workers that work every day during six or more
months per year in the farm.
ses were performed with SPSS 14.0 and 15.0 (SPSS,
2005, 2006).
Cluster analysis
Cluster analysis entails the division of a large group
of observations into smaller and more homogeneous
groups. A combination of a hierarchical method and a
partitioning method for clustering is applied in this
study. The hierarchical method is applied in an ex-
ploratory way and the solution is used in a partitioning
method to improve the cluster solution (Sharma, 1996;
Valeeva et al., 2005; Hair et al., 2006).
First, Ward’s method, a hierarchical agglomerative
method is applied. Ward’s method seeks to achieve
clusters with the smallest sum of squares within the
cluster. This approach starts with each observation in
a single cluster and in the following steps clusters are
joined, until only one cluster contains all the observa-
tions. The graphical result of these steps is called den-
drogram, which is a hierarchical tree structure (Köbrich
et al., 2003; Lattin et al., 2003). The agglomeration
schedule is another result of the hierarchical method.
It shows the two clusters that are combined at each
stage and the increase in heterogeneity that happens
when two clusters are combined (Byrne, 1998; SPSS,
2005; Hair et al., 2006).
The partitioning method following the hierarchical
method is the K-means clustering. The goal of K-
means method is to split the total number of observa-
tions into a prearranged number of K homogeneous
groups based on preferred characteristics. The method
can deal with big number of cases and it seeks to make
distances within the group as short as possible. In this
study, the prearranged number of clusters comes from
the previous step. Kruskal-Wallis non parametric test
was performed to examine whether the values of the
selected variables vary between the groups (Lattin et
al., 2003; SPSS, 2005; Valeeva et al., 2005).
A variable used to show current diversification of
the farms in each cluster is the Simpson diversity index.
The Simpson diversity index (SID) is a scalar number,
ranging from 0 to 1, built from the area shares allocated
to crops (including those crops devoted to livestock pro-
duction, natural forests and pastures) and it shows both
the number of crops and their relative presence (Benin
et al., 2004). The value of the index is 0 in case of com-
plete specialisation and approaches to 1 as the number
of crops increases. The SID is calculated as follows:
where Pi is the proportionate area of ith crop in the total
cropped land (Joshi et al., 2003). Crops include cereals,
tobacco, crops for seed production, pulses, annual
pastures, perennial pastures, vegetables, flowers, aro-
matics, fruits, other crops, cultivated forests, nurseries,
natural pastures and natural forests.
Results
Principal component analysis
KMO test and Bartlett’s test were performed to test
the suitability of the data to apply principal compo-
nents analysis. KMO test result is 0.839 and Bartlett’s
test result is highly significant (p = 0.000) to reject the
hypothesis of sphericity of multivariate data.
Principal components analysis was applied on the
16 selected variables as shows Table 1. Following
Kaiser’s rule, four components were selected. Table 2
shows the variance explained by the four extracted
components.
Table 3 presents the rotated component matrix. This
matrix shows the correlations (loadings) between each
of the extracted four components and the original
variables. It facilitates to establish what each compo-
nent represents.
SID = 1− P
i
2
i=1
n∑
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Table 2. Variance explained by four components using 
principal components analysis
Component
Initial eigenvalues
Total % of variance Cumulative %
1 7.034 43.964 43.964
2 1.462 9.136 53.099
3 1.235 7.718 60.817
4 1.105 6.907 67.724
The total column shows the amount of variance in the origi-
nal variables accounted for by each component (eigenva-
lue). The column of percentage of variance presents the ratio of
the variance accounted for by each component to the total 
variance of the entire variables. The cumulative column exp-
lains the percentage of variance accounted for by n components.
The four components explain 67.724% of the total variance in
the original variables. These components can be used to redu-
ce the complexity of the data losing 32.276% of the infor-
mation.
Cluster analysis
The four components were used for cluster analysis.
First, Ward’s method was applied. From this method a
preliminary cluster solution was identified. The agglo-
meration coefficient and the dendrogram were used as
stopping rules to choose the number of clusters. A large
increase of the agglomeration coefficient suggests that
two rather different clusters were combined. In Table 4
the agglomeration coeff icients of the last stages of
Ward’s method are presented.
Table 5 presents the farm types that arise from the
4 clusters (K-means method). All the selected variables
are signif icant at 0.001 level (Kruskal-Wallis non
parametric test), suggesting that farm size, irrigation,
general capital goods, specific capital goods, ownership
of land, education, off-farm work and labor availability
are useful for discriminating clusters with respect to
determinants for diversification. Mann-Whitney Test
was performed to compare clusters. Bonferroni adjust-
ment for a 0.05 significance level was utilized. Results
are given in the description of the clusters. Other va-
riables are used for cluster description next to the
initially selected variables, like cultivated area of main
cash crops and annual and perennial pastures, number
of heads of different livestock and the Simpson diver-
sity index.
Cluster 1. Farms specialized in tobacco growing
with a more educated farmer
This cluster represents 44% of the total farms. The
education level of farmers is the highest of all. This
group shows a high level of specialization, since the
mean value for the SID is 0.17. Farms produce an
average of 23 ha of tobacco, which is the lowest of the
four clusters. Fifty seven per cent of the farms are
farms specialized in tobacco growing (SID = 0). Those
farms that are not specialized present also production
of pulses, pastures, cereals, vegetables, other crops and
livestock.
The variables of education level of farmers and off-
farm work help to discriminate cluster 1 from Cluster 2
(p = 0.000). Farmers in Cluster 1 are much better educated
and work outside the farm in some cases. With respect
to Clusters 3 and 4, main differences arise when suitable
land, irrigated area, capital goods, land in property,
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Table 3. Correlation of four components with initial variables using principal components analysis
Variables
Component
1a 2b 3c 4d
Suitable land 0.253 0.180 0.919 0.029
Irrigated area 0.644 0.422 0.389 0.040
Tractors 0.810 0.426 0.201 0.008
Tilling tools 0.555 0.623 0.169 –0.036
Trucks and other vehicles 0.788 –0.032 0.193 0.110
Fertilizer drill 0.650 0.261 0.072 0.235
Sprayers 0.303 0.532 0.178 0.218
Barns 0.717 0.138 0.214 –0.071
Tobacco curing barns 0.835 0.092 0.263 0.001
Backpacks for sparring 0.684 0.151 –0.148 0.059
Grains machinery 0.403 0.578 0.188 –0.098
Pastures machinery 0.009 0.834 0.053 0.100
Land in property 0.172 0.146 0.946 0.064
Education level of the farmers 0.029 0.257 0.066 0.583
Farmers with work outside the farm 0.073 –0.116 –0.003 0.826
Permanent workers 0.658 0.365 0.332 0.071
Extraction method: Principal Component Analysis. Rotation method: Varimax with Kaiser Normalization. Correlations above 0.5
are in bold. a The first component explains 43.964% of the variance and it is positively and highly correlated with tobacco curing
barns and tractors. Since tobacco curing barns is less correlated with the other two components it represents better the component.
b The second component (9.136% of variance) is related to pastures machinery, tilling tools and grains machinery and it can re-
present production activities that different from tobacco. c The third component (7.718% of variance) is correlated with suitable
land and land in property and it represents the size and ownership of the farm. d The fourth component (6.907) is correlated with
education level and work outside the farm and it represents characteristics of the farmer.
education level of farmers and permanent workers are
compared (p ≤ 0.003), except for pastures machinery
when it is compared with Cluster 3.
Cluster 2. Farms specialized in tobacco growing
with a less educated farmer
This is the largest cluster, representing 45% of the
total number of farms. This group is the smallest in
terms of suitable land. Farmers have the lowest level
of education of all the clusters. All farmers in the group
work exclusively at the farm. The SID is the second
lowest of all (0.20). The mean value for tobacco area
is 24 ha. Fifty six per cent of the farms in this cluster
show a SID = 0 and they only grow tobacco. This cluster
also produces cereals, pulses, pastures, vegetables,
other crops and livestock.
In general, this cluster shows differences with
Clusters 3 and 4 in terms of suitable land, irrigated area,
availability of capital goods, land in property, education
level of farmers and permanent workers (p ≤ 0.005),
except for pastures machinery when it is compared
with Cluster 3 and for trucks and other vehicles when
it is compared with Cluster 4. It is similar to Cluster 4
with respect to a full time devotion to the farm work.
Cluster 3. Large diversified tobacco farms
This cluster accounts for 3% of the total number of
farms. It has the highest average values for many of
the variables selected for sorting out the clusters. The
mean value for the SID is 0.51. This group is the largest
in tobacco production of the four. The mean value for
the tobacco cultivated area is 176 ha. Full tobacco
specialization is not found within the cluster. It is also
the largest pulse and vegetable producer of all. They
produce also calves and fatten livestock.
Differences with Clusters 1 and 2 mainly follow from
suitable land, irrigated area, capital goods, land in
property, education level of farmers and permanent
workers (p ≤ 0.003), except for pastures machinery.
This cluster also differs from Cluster 2 with respect to
off-farm work. The variables that show a higher power
to discriminate this cluster from Cluster 4 include gene-
ral capital goods like tractors, barns, trucks and other
vehicles, and specific capital goods like tobacco curing
barns and pastures machinery (p ≤ 0.002).
Cluster 4. Highly diversified farms with important
livestock production
This cluster comprises 8% of the total number of
farms. This cluster shows the highest value in pastures
machinery. Besides, farms grow annual and perennial
pastures and present the highest number of heads of
fatten and dairy livestock. The mean value of the SID
is 0.67. The average value for tobacco cultivated area
is 43.50 ha, being the second biggest tobacco producers
of all the clusters. Full tobacco specialization is not
found in this group.
This cluster differs from Cluster 1 and Cluster 2 in
almost all the variables selected to discriminate groups
(p-value 0.005 or lower), except for off-farm work and
trucks and other vehicles when it is compared with
Cluster 2.
Discussion
The combination of principal components analysis
and cluster analysis was useful to discriminate four
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Table 4. Agglomeration coefficient of Ward’s cluster analysis
of the last 10 stages
Percentage
Number
Stage
Agglomeration of change in
of clusters coefficients agglomeration
coefficient
10 268 225.043 10.19
9 269 255.011 13.32
8 270 288.635 13.19
7 271 334.451 15.87
6 272 393.106 17.54
5 273 455.182 15.79
4 274 596.078 30.95
3 275 756.743 26.95
2 276 927.096 22.51
1 277 1,108 19.51
The last column gives insight about the increase in cluster hete-
rogeneity. The highest change in heterogeneity happens between
stages 273 and 274. The agglomeration coefficient of 596.078
represents the heterogeneity when five clusters are reduced to four
clusters. The significant jump when five clusters are combined in
four clusters suggests the five-cluster solution as a potential cluster
solution to be examined in the K-means cluster analysis. The
dendrogram (not shown here because of its huge length) also
suggests a possible solution of five clusters. Then, the number of
clusters used in K-means method was 5. A single farm cluster was
deleted from the description, ending with 4 clusters.
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Table 5. Mean values of variables to compare the different clusters
Variables
Cluster 1 Cluster 2 Cluster 3 Cluster 4
N = 122 N = 126 N = 8 N = 21
Land area
Suitable land (ha) 71.61 49.64 402.38 247.64
Irrigation
Irrigated area (ha) 26.39 29.94 208.88 128.26
General capital goods
Tractors (n°) 2.33 2.71 11.13 6.76
Tilling tools (n°) 2.65 3.24 7.38 8.95
Trucks and other vehicles (n°) 2.65 2.93 22.00 4.67
Fertilizer drill (n°) 0.49 0.36 2.00 1.10
Sprayers (n°) 0.75 0.58 2.25 2.33
Barns (n°) 2.05 2.66 8.25 3.76
Specific capital goods
Tobacco curing barns (n°) 7.80 9.66 56 16.48
Backpacks for spraying (n°) 3.80 4.25 14.63 7.19
Grains machinery (n°) 0.29 0.37 1.50 2.00
Pastures machinery (n°) 0.07 0.02 0.00 2.62
Ownership of land
Land in property (ha) 59.15 32.34 329.38 214.21
Education
Education level of the farmers 0.98 0.16 0.63 0.81
Off-farm work
Farmers with work outside the farm 0.11 0.00 0.13 0.00
Labor availability
Permanent workers (n°) 3.39 4.22 24.88 12.57
Current level of diversification
Index of diversification 0.17 0.20 0.51 0.67
Crop production
Cereals (ha) 1.66 2.58 6.25 14.76
Tobacco (ha) 22.87 24.30 176.25 43.50
Pulses (ha) 9.35 8.01 130.38 52.95
Pastures (ha) 2.69 3.31 23.63 78.57
Vegetables (ha) 0.52 0.82 8.25 2.38
Other crops (ha) 1.73 0.13 0.0 0.95
Livestock production
Calves (n°) 0.78 4.90 32.00 26.52
Fatten livestock (n°) 0.57 1.25 30.25 62.14
Dairy livestock (n°) 1.61 1.33 0.00 83.38
clusters with respect to determinants of diversification.
The results reveal that there is heterogeneity among
tobacco farms regarding variables that def ine the
possibilities of a farm for diversification in Valle de
Lerma.
The results of this study provide a framework to
analyze the problems of tobacco production and the
possibilities for diversif ication. Besides the classi-
fication of farms according to determinants of diversi-
fication, this typology provides insight into the needs
for diversif ication. The clusters recognized in this
study will be useful to develop mathematic programming
models concerning the analysis of diversif ication
possibilities in the region. Developments from this
work include the exploration of the impact of different
production alternatives on farm income, production
risk and soil quality of the identified types of tobacco
farms in Valle de Lerma. Further research includes the
development of diversif ication plans adapted to the
different groups identified in this research.
Cluster 1 and Cluster 2 present the lowest level of
diversification of the four clusters and they are highly
specialized in tobacco production. Therefore they show
the highest need for diversification. They differ mainly
in the characteristics of farmer. Farmers in Cluster 1
are much better educated and, in some cases, they have
another work in addition to the work in the farm.
According to the literature, a more educated farmer
will be in better conditions to pick up information
regarding different crops and production activities
(Bravo-Ureta et al., 2006; Minot et al., 2006). In
contrast, off-farm work farm may prevent farmer to be
involved in new and different activities (Birthal et al.,
2006). Both clusters have a good availability of suitable
land, this being higher for Cluster 1. Availability of land
may encourage diversif ication (Benin et al., 2004;
Bravo-Ureta et al., 2006). Ownership of the land would
encourage diversification of crops (Bravo-Ureta et al.,
2006). Cluster 1 has a higher availability of own land.
Farms in Clusters 1 and 2 seem to have an acceptable
level of general capital goods and specific capital goods
for tobacco. General capital goods may contribute to
diversification of outputs, while specific capital goods
may encourage output specialization (Fernández-
Cornejo et al., 1992; Hardaker et al., 1997).
Cluster 3 is the smallest in terms of number of farms
and, in this sense, it is not very representative of the
farms in the sample. However, the size of the farm, the
highest level of tobacco cultivated area of all and a
relative high level of diversification make this group
interesting to analyze. Diversif ication in this group
may contribute to reduce risk (Hardaker et al., 1997;
Upton, 2004; Minot et al., 2006). Irrigated land is
devoted mainly to grow tobacco. The intense tobacco
production may imply a decrease in soil organic matter
content and soil fertility (Corvalán, 1997). The problems
of soil fertility may have an impact on the farm income.
Consequently, there is scope to explore diversification
to improve soil quality in Cluster 3.
Cluster 4 is the most diversified cluster and in this
sense they may be reducing risk. They grow perennial
pastures, suggesting that they have a better manage-
ment of the soil than the others. Therefore, this group
looks appealing to analyze alternatives of diversif i-
cation for other clusters.
The selected variables were useful to discriminate
clusters of tobacco farms. Nevertheless, it is worth noting
some limitations and consequences of the selection of
those variables. For example, it is inferred from the
literature that irrigation does not encourage tobacco
farmers to diversify (Panchamukhi, 2000). This state-
ment is reasonable for Valle de Lerma, because tobacco
is a profitable crop and farmers with more availability
of water will try to grow more tobacco instead of other
crops. This, however, does not imply that the provision
of irrigation facilities would prohibit shifting away
from tobacco. An encouraging plan, taken by the
government and/or cooperatives is required to persuade
farmers to shift away to other crops (Panchamukhi,
2000). Labour supply can motivate farmers to diversify
to alternative production activities that are less labor
demanding than tobacco. If this would be the case then
some social consequences may arise. In this sense,
Manos et al. (2009) found an increase of unemployment
when tobacco was replaced by less labor demanding
and more mechanized crops.
To summarize, this research found four different
types of tobacco farms in Valle de Lerma regarding
variables that can help to define possibilities for diver-
sif ication. Two large clusters in terms of number of
farms were identified. These farms are highly specia-
lized in tobacco production. The fact that, in general,
that these farmers do not have a work outside the farm
suggests that they are highly dependent on farm income
for living. Both groups are interesting for further research
regarding diversification alternatives. Those alternative
plans have to focus on maintaining or improving income
and at the same time on reducing soil degradation. The
other two clusters are smaller in terms of number of
farms. The smallest cluster is formed by the largest
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tobacco producers. Intensive tobacco production makes
this group appealing for exploring diversif ication
alternatives to improve soil conditions. The last cluster
is the most diversified. The presence of perennial pas-
tures suggests a better soil management than the others
clusters. This cluster looks appealing to investigate
what can be done regarding diversif ication and to
analyze the possibilities to introduce those alternatives
to the other groups.
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